The fermentation processes are complexes, they are characterized with non-linear kinetic and non-linear operations in the bioreactor, and non-stop change of the kinetic variables in time [5, 9] . The most problem for their optimal control is the chouse of the control variables [3, 10] . Up to now we have examined laboratory fermentations, in that the optimal value was the substratum floating rate. In the process investigations we determined that the change of the oxygen concentration has large influence for heightquality running of the process. The oxygen concentration is depended by rotation speed and gas flow rate [3, 7] . The aim of this paper is synthesis of the optimal control of a fermentation process with a complex criterion with three indexes by a modified approach of method of the dynamic programming.
Introduction
The fermentation processes are complexes, they are characterized with non-linear kinetic and non-linear operations in the bioreactor, and non-stop change of the kinetic variables in time [5, 9] . The most problem for their optimal control is the chouse of the control variables [3, 10] . Up to now we have examined laboratory fermentations, in that the optimal value was the substratum floating rate. In the process investigations we determined that the change of the oxygen concentration has large influence for heightquality running of the process. The oxygen concentration is depended by rotation speed and gas flow rate [3, 7] . The aim of this paper is synthesis of the optimal control of a fermentation process with a complex criterion with three indexes by a modified approach of method of the dynamic programming.
Materials and Methods
Experimental data from cultivations was carried out in the Institute of Technical Chemistry, University of Hanover-Germany [11] . The cultivation parameters of the process are shown on Table 1 . For filtering of experimental data cubic sline was used. The model of the process For determined of the structure of the specific growth rate the chart of its changing on the substrate was investigated, that show on Fig. 1 . In this figure the dependence for the material balance of the change of the biomass concentration is determined [11] 
where: V is bioreactor volume L; ì-specific growth rate of biomass h -1 ; ì max -maximum specific growth rate of biomass, h
; t-time. Equation (2) represents the rate of biomass formation featuring the Monod type substrate limitation [4, 11] . 
The specific rate of the substrate consumption is described with the Leudking and Piret's dependence [6] that reads the limitation of the glucose:
; h-specific consummation rate of substrate, h
, m-the glucose consumption rate for the maintenance energy, g.g
Thereby, the general dynamic model of the process is described by following equations [11] :
; Q i -specific consumption or production rate, g.g.g ( )
which maximize the quantity biomass at the end of the process. For control variables we chouse: rotation speed n, gas flow rate Q and substratum floating rate F. The criterion for optimal control has type: 
, those are used for the parameter assessment of the model. For the optimal parameter assessment of the model the program, which is based on nonlinear regression technique, is developed [11] . The determined optimal values of the process variables are:
The adequate of the model is proved by the analysis of the given results with statistical criterions [11] . This shows the synthesized model can be used for optimal control of the process.
Optimal control of the process
The aim of the optimal problem is to found optimal profiles of the control variable, The optimal variables are discretized in intervals [2] :
In multitude of functions F(t), n(t) and Q(t)
we have to chouse, which that maximize criterion of quality J has maximum value. For determination of the optimal problem the (9) function of invariant plunge is included-f k (L k , F k , n k , Q k ) . The recurrent dependence of the function has type: 
where B i is Bellman's functions. Conformity with the "Principle of the optimum" the equation (8) For application of the method of the dynamic programming the disctetized Bellman's function is [1, 2] :
The done profiles of the optimal variables are shown on Fig. 2 and Fig. 3 . With using the given optimal profiles of the control variables the increase quantity of biomass concentration is instituted in comparison with quantity of biomass concentration at constant values of rotation speed, gas flow rate and substratum floating rate.
Conclusions
The model of a fermentation process of E. Coli is synthesized by using dependence of the specific growth rate of biomass on the substrate. The specific consummation rate of the substrate is described by the Leudk-ing and Piret's dependence. On the basis of this model an effective algorithm for process optimization is developed by using a modified approach of method of the dynamic programming, through an iterative procedure in Bellman's function. The optimal profiles of rotation speed, gas flow rate and substratum floating rate are received. The analysis of results shows that the complex investigation with multi control variables vastly raises the efficiency of the process. Time, h
